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 w

ith
in

Cl
ou

db
ur

st 
Fo

rm
ati

on
 co

ng
lom

er
ate

 th
at 

is 
str

on
gly

 jo
int

ed
an

d b
re

ak
s r

ea
dil

y i
nto

 sm
all

, a
ng

ula
r f

ra
gm

en
ts.

 T
his

 tu
ff

yie
lde

d a
n A

r/A
r d

ate
 fr

om
 sa

nid
ine

 of
 26

.3 
± 0

.1 
Ma

 (P
ete

rs
et 

al.
, 2

00
3)

.  W
eib

el 
(1

98
1)

 te
nta

tiv
ely

 su
gg

es
ted

 a 
co

rre
lat

ion
be

tw
ee

n t
his

 tu
ff 

an
d t

he
 H

ell
's 

Ha
lf A

cre
 T

uff
, p

ar
t o

f t
he

Ga
liu

ro
 V

olc
an

ics
.

Cl
ou

db
ur

st
 F

or
m

at
io

n 
an

d 
re

lat
ed

 vo
lca

ni
c a

nd
se

di
m

en
ta

ry
 ro

ck
s

    
    

    
    

    
    

    
    

   C
lou

db
ur

st 
Fo

rm
ati

on
 of

 H
ein

dl
(1

96
3)

 an
d C

re
as

ey
 (1

96
5)

; s
ee

 al
so

 D
ick

ins
on

, (
19

91
)

Co
ng

lo
m

er
at

e, 
un

di
vid

ed
 (m

id
dl

e T
er

tia
ry

)
Tc

    
 M

ed
ium

 br
ow

n t
o r

ed
dis

h b
ro

wn
 co

ng
lom

er
ate

 an
d,

loc
all

y, 
sa

nd
y c

on
glo

me
ra

te.
  M

os
t o

f t
he

 co
ng

lom
er

ate
 is

ma
ss

ive
 to

 po
or

ly 
be

dd
ed

 an
d p

oo
rly

 so
rte

d. 
 C

las
ts 

mo
stl

y
co

ns
ist

 of
 su

ba
ng

ula
r t

o s
ub

ro
un

de
d p

eb
ble

s a
nd

 co
bb

les
 of

gr
an

ite
, q

ua
rtz

ite
, a

nd
 m

afi
c t

o i
nte

rm
ed

iat
e v

olc
an

ics
 th

at
we

re
 pr

ob
ab

ly 
de

riv
ed

 fr
om

 th
e C

lou
db

ur
st 

vo
lca

nic
s. 

 In
so

me
 ar

ea
s, 

alm
os

t a
ll c

las
ts 

we
re

 de
riv

ed
 fr

om
 m

afi
c t

o
int

er
me

dia
te,

 va
ria

bly
 ve

sic
ula

r, 
ap

hy
ric

 vo
lca

nic
s, 

oft
en

ma
kin

g t
his

 un
it d

iffi
cu

lt t
o d

ist
ing

uis
h f

ro
m 

flo
w 

br
ec

cia
s o

f
ma

p u
nit

 T
m.

  T
his

 un
it a

lso
 lo

ca
lly

 co
nta

ins
 th

in,
 m

afi
c l

av
a

flo
ws

, th
in 

be
ds

 of
 br

ow
n c

olo
re

d, 
pu

mi
ce

ou
s c

oa
rse

 sa
nd

, a
nd

sm
all

 de
po

sit
s o

f g
ra

nit
e-

cla
st 

av
ala

nc
he

 br
ec

cia
.

Ro
ck

 av
ala

nc
he

 b
re

cc
ia 

de
riv

ed
 fr

om
 q

ua
rtz

ite
(m

id
dl

e T
er

tia
ry

)
Tx

q

    
 B

re
cc

ia 
fra

gm
en

ts 
typ

ica
lly

 <
50

 cm
 di

am
ete

r. 
 P

ro
tol

ith
 is

pr
ob

ab
ly 

Pa
leo

zo
ic 

to 
Pr

ec
am

br
ian

 qu
ar

tzi
te.

Ro
ck

 av
ala

nc
he

 b
re

cc
ia 

de
riv

ed
 fr

om
 g

ra
ni

te
(m

id
dl

e T
er

tia
ry

)
Tx

g

   
  B

re
cc

ia 
fra

gm
en

ts 
typ

ica
lly

 <
50

 cm
 di

am
ete

r. 
 P

ro
tol

ith
gr

an
ite

 is
 fin

e g
ra

ine
d, 

or
an

gis
h r

ed
 le

uc
og

ra
nit

e. 
Pe

bb
ly 

sa
nd

st
on

e (
m

id
dl

e T
er

tia
ry

)
Ts

    
 B

ro
wn

 co
lor

ed
, m

ed
ium

-g
ra

ine
d, 

pe
bb

ly 
sa

nd
sto

ne
.

Pe
bb

les
 ar

e s
pa

rse
 an

d c
on

sis
t o

f g
ra

nit
e, 

qu
ar

tzi
te,

 an
d m

afi
c

to 
int

er
me

dia
te 

vo
lca

nic
s.

Sa
n 

Ma
nu

el 
co

ng
lo

m
er

at
e, 

un
di

vid
ed

 (m
id

dl
e

Te
rti

ar
y)

Ts
m

    
 T

his
 un

it i
s e

xp
os

ed
 in

 th
re

e a
re

as
, a

s f
oll

ow
s: 

(1
) B

y f
ar

the
 m

os
t w

ide
sp

re
ad

 ex
po

su
re

s a
re

 in
 th

e s
ou

the
as

ter
n c

or
ne

r
of 

the
 qu

ad
ra

ng
le 

in 
the

 up
pe

r T
uc

so
n W

as
h a

re
a. 

 M
os

t o
f t

he
un

it c
on

sis
ts 

of 
bo

uld
er

-st
re

wn
 hi

lls
ide

s w
ith

 no
 ou

tcr
op

 or
,

ra
re

ly,
 ex

po
su

re
s o

f m
as

siv
e c

on
glo

me
ra

te 
ric

h i
n s

an
dy

 an
d

sil
ty,

 m
ed

ium
 re

dd
ish

 br
ow

n m
atr

ix.
  In

 sp
ar

se
 ex

po
su

re
s

be
dd

ing
 is

 vi
sib

le 
in 

sa
nd

y a
nd

 gr
av

ell
y b

ed
s b

etw
ee

n c
ob

ble
an

d b
ou

lde
r b

ed
s. 

 C
las

ts 
ar

e 8
0-

90
%

 O
ra

cle
 gr

an
ite

, w
ith

so
me

 fe
lds

pa
r p

or
ph

yri
es

 an
d m

afi
c v

olc
an

ics
 th

at 
re

se
mb

le
loc

all
y d

er
ive

d C
lou

db
ur

st 
co

ng
lom

er
ate

.  F
eld

sp
ar

 po
rp

hy
ry

cla
sts

 co
ns

ist
 of

 15
-2

5%
, 1

-1
0 m

m 
wh

ite
 pl

ag
ioc

las
e i

n a
me

diu
m 

gr
ay

 to
 gr

ee
nis

h g
ra

y m
atr

ix 
wi

th 
2-

4%
 ch

lor
itiz

ed
bio

tite
.  

No
 qu

ar
tz 

wa
s s

ee
n. 

 T
his

 fe
lds

pa
r p

or
ph

yry
 w

as
po

ss
ibl

y d
er

ive
d f

ro
m 

the
 R

ice
 P

ea
k p

or
ph

yry
 w

hic
h i

s w
ide

ly
ex

po
se

d t
o t

he
 so

uth
 in

 th
e n

or
the

rn
 S

an
ta 

Ca
tal

ina
 M

ou
nta

ins
(C

re
as

ey
, 1

96
5; 

Fo
rce

, 1
99

7; 
Sp

en
ce

r e
t a

l., 
20

00
). 

 (2
)  

In 
the

no
rth

we
ste

rn
 co

rn
er

 of
 th

e q
ua

dr
an

gle
, th

is 
un

it c
on

sis
ts 

of
pa

le 
gr

ay
, p

oo
rly

 so
rte

d s
an

dy
 co

ng
lom

er
ate

 an
d c

on
glo

me
ra

te
tha

t is
 po

or
ly 

to 
mo

de
ra

tel
y l

ith
ifie

d (
Bl

oo
ds

uc
ke

r W
as

h)
. 

Pa
le 

gr
ay

 co
lor

 is
 di

sti
nc

tly
 di

ffe
re

nt 
tha

n d
ar

k b
ro

wn
 an

d g
ra

y
of 

Cl
ou

db
ur

st 
co

ng
lom

er
ate

.  (
3)

 In
 th

e n
or

the
as

ter
n c

or
ne

r o
f

the
 qu

ad
ra

ng
le,

 w
es

t o
f C

or
ne

r T
an

k, 
thi

s u
nit

 co
ns

ist
s o

f
we

ak
ly 

to 
mo

de
ra

tel
y l

ith
ifie

d, 
str

ati
fie

d g
ra

ve
ls,

 ta
n t

o p
ale

re
dd

ish
 ta

n, 
to 

lig
ht 

br
ow

n t
o l

igh
t r

ed
dis

h b
ro

wn
, w

ith
 1-

10
cm

 cl
as

ts 
an

d m
uc

h m
afi

c v
olc

an
ic 

de
br

is.
  C

las
ts 

ra
re

ly
ex

ce
ed

 50
 cm

.  I
t is

 w
ea

kly
 ch

an
ne

liz
ed

, w
ith

 10
-3

0 c
m 

de
ep

ch
an

ne
ls 

2-
4 m

 ac
ro

ss
.  T

his
 un

it i
s i

nfe
rre

d t
o h

av
e b

ee
n

de
po

sit
ed

 in
 a 

me
dia

l a
llu

via
l fa

n e
nv

iro
nm

en
t.

Co
ng

lo
m

er
at

e a
nd

 sa
nd

y c
on

gl
om

er
at

e (
Qu

at
er

na
ry

to
 la

te
 T

er
tia

ry
)

QT
cs

    
 Li

gh
t g

ra
y, 

po
or

ly 
so

rte
d t

o m
as

siv
e, 

ma
trix

 su
pp

or
ted

co
ng

lom
er

ate
 an

d s
an

dy
 co

ng
lom

er
ate

.  C
las

ts 
lith

olo
gie

s v
ar

y
ac

ro
ss

 th
e b

as
in 

an
d a

re
 co

mm
on

ly 
do

mi
na

ted
 by

 lo
ca

lly
de

riv
ed

 gr
an

itic
 an

d v
olc

an
ic 

cla
sts

 w
ith

 m
ino

r P
re

ca
mb

ria
n

se
dim

en
tar

y c
las

ts.
  T

he
 m

atr
ix 

is 
co

mp
os

ed
 of

 m
ed

ium
 to

co
ar

se
 sa

nd
 an

d g
ra

nu
les

 an
d c

em
en

ted
 by

 ca
rb

on
ate

.  Q
Tc

 is
typ

ica
lly

 a 
cru

de
ly 

be
dd

ed
, m

od
er

ate
ly 

we
ll- 

ind
ur

ate
d, 

co
ar

se
sa

nd
 to

 sm
all

 bo
uld

er
 co

ng
lom

er
ate

.  C
las

ts 
siz

es
 de

cre
as

e
tow

ar
d C

am
p G

ra
nt 

W
as

h i
n t

he
 ce

nte
r o

f t
he

 m
ap

 ar
ea

 w
he

re
the

 un
it b

ec
om

es
 w

ea
kly

 co
ns

oli
da

ted
 sa

nd
s, 

gr
av

els
, a

nd
gr

an
ule

 to
 co

bb
le 

co
ng

lom
er

ate
.  Q

Tc
 de

po
sit

s o
utc

ro
p

thr
ou

gh
ou

t d
iss

ec
ted

 dr
ain

ag
e v

all
ey

s o
f Q

m 
an

d Q
o b

ut 
ha

ve
on

ly 
be

en
 m

ap
pe

d s
ep

ar
ate

ly 
in 

a f
ew

 ar
ea

s. 
Th

ou
gh

 no
ob

vio
us

 til
tin

g o
f t

he
 ou

tcr
op

 ha
s o

cc
ur

re
d, 

thi
s u

nit
 m

ay
 be

eq
uiv

ale
nt 

in 
pa

rt 
to 

the
 gr

an
ite

-cl
as

t c
on

glo
me

ra
te 

(T
cg

)
ex

po
se

d t
o t

he
 ea

st 
alo

ng
 th

e C
ow

he
ad

 fa
ult

, a
nd

 to
 si

mi
lar

fau
lte

d c
on

glo
me

ra
tes

 in
 th

e F
or

tifi
ed

 P
ea

k Q
ua

dr
an

gle
 to

 th
e

we
st,

 bu
t a

 de
fin

itiv
e c

or
re

lat
ion

 ca
n n

ot 
be

 m
ad

e.

Da
cit

ic 
lav

a a
nd

 p
yr

oc
las

tic
 ro

ck
s (

m
id

dl
e T

er
tia

ry
)

Tp     
 Li

gh
t g

ra
y, 

fin
e-

gr
ain

ed
, d

ac
itic

 la
va

. P
or

ph
yri

tic
 w

ith
sp

ar
se

 ph
en

oc
rys

ts 
of 

bio
tite

 (<
2 m

m)
, p

lag
ioc

las
e (

<5
 m

m)
,

an
d o

pa
qu

es
 (<

1 m
m)

. O
cc

ur
s w

ith
 py

ro
cla

sti
c r

oc
ks

co
mp

os
ed

 of
 da

cit
ic 

lav
a f

ra
gm

en
ts 

wi
th 

a m
ed

ium
 br

ow
n

lith
ic 

sa
nd

sto
ne

 m
atr

ix.
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